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6 Macrocyclic acetylenes contain special structural features, including the 1t electron resonance of the acetylenic bonds, the molecular shape, the distorted electronic distribution, and the cavity inside the molecule.
In addition, the exposed acetylenic chains make the macrocyclic acetylenes highly reactive. Based on these, macrocyclic acetylenes have been considered as potential intermediates for the synthesis of fullerenes. Several synthetic methods for the preparation of macrocyclic acetylenes have been reported, including bromination-dehydrobromination of the corresponding cycloalkenes (Scheme I ).
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This method represents a simple and efficient way to prepare macrocyclic acetylenes especially for strained cases. Most of the small macrocyclic acetylenes are prepared by this method. However, one of the limitations of this synthetic route is the difficulty in synthesizing cyclic alkenes as precursors for the corresponding macrocyclic acetylenes.
The larger cycloalkene precursor are harder to prepare (Scheme 2).
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On the other hand, coupling reactions have also found success in the preparation of macrocyclic acetylenes. In particular, the Sonogashira intra-or intermolecular coupling reaction 13 has been adopted for the synthesis of a wide variety ofmacrocyclic acetylenes.
For example, a series of cyclic [n]meta-phenylacetylenes (n = 5-7) have thus been synthesized (Scheme 3). 14 However, the preparation of strained cases has been found to be very challenging using the coupling method.
Scheme3
Another interesting feature of macrocyclic acetylenes is the cavity inside the molecule. The synthesis of macrocyclic acetylenes could allow the construction of a large-sized carbon ring. With a large carbon ring, macrocyclic acetylenes could encapsulate one or more small molecules inside the cavity to form multi-inclusion type complexes (Scheme 4). 15 In addition, the ring size and the shape of the linking carbon fragments could allow macrocyclic acetylenes to encapsulate only certain guest molecules selectively.
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Scheme 4
Macrocyclic acetylenes with a planar n: electronic conjugate system inside the molecule have also been synthesized. 
Research Plan
Our group previously reported an efficient route to produce highly unsaturated polycyclic aromatic compounds 7 and 8 from 2,2-dimethoxy-1,3-indandione (1) (Scheme 6). 19 The 2,2-dimethoxy-1,3-indandione (1) was prepared from commercially available 2,2-dihydroxyindane-1 ,3-dione in one step. 9 Condensation of diketone 1 with lithium acetylides 2 and 2a produced benzannulated enediynyl alcohols 3 and 4, respectively.
When the alcohols 3 and 4 were exposed to thionyl chloride, the cyclized dichlorides 5 and 6 were produced, respectively. Reduction of these dichlorides 5 and 6 with tributyltin hydride produced 7 in 46% yield and 8 in 4 7% yields for the last two steps. Likewise, This research project will adopt the same synthetic strategy outlined in Scheme 6 for the preparation of 10 possessing two bromo substituents. The dibromide 10 could be further functionalized by using the Sonogashira reactions with 2 equivalents of (trimethylsilyl)acetylene, leading to diacetylene 11, with the two acetylenic groups in essentially parallel orientation. By repeating the Sonogashira reactions between 10 and 11, the macrocyclic acetylene 12 could thus be produced. The MM2-optimized structure of 12 shows that the aromatic carbon framework has a slight twist, but is essentially free of severely distorted bond angles. The two acetylenic groups remain essentially linear. the two acetylenic groups of diacetylene 11. In the Sonogashira cross-coupling reactions between 10 and 11, following the first Sonogashira reaction, the remaining acetylene and the second aryl bromide could undergo an intramolecular Sonogashira reaction to form macrocyclic acetylene 12. Because of the rigid carbon frameworks in 10 and 11 and the optimal positions of the two bromo substituents in 10 and the two acetylenic groups in 11, it is highly likely that after the first Sonogashira reaction, the remaining acetylenic group and the second aryl bromide would undergo an intramolecular Sonogashira reaction to form macrocyclic acetylene 12. In order to produce dibromide 10, it is necessary to prepare diacetylene 13 bearing a bromo substituent for condensations with diketone 1 to obtain the important precursor propargylic diol14 (Scheme 7).
I"" The preparation of the 2,2-dimethoxy-1 ,3-indandione (1) was conducted according to a reported procedure. 20 Treatment of ninhydrin (2,2-dihydroxyindane-1,3-dione) with silver(l) oxide, and iodomethane provided diketone 1 in 90% isolated yield (Scheme 8). The synthetic procedure for 13 was initially developed by Changfeng Huang of our research group (Scheme 9). Treatment of the commercially available 1,3-dibromobenzene (15) with lithium diisopropylamide (LDA) and iodine produced I ,3-dibromo-2-iodobenzene (16) :::,..,
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In the reported synthetic route the lithium acetylide used in the condensation with diketone 1 was prepared by the lithiation of 1-(2-ethynylphenyl)-2-phenylethyne (2) with n-butyllithium (Scheme 6). 19 However, using n-butyl!ithium for the lithiation of 1-bromo- 3.84 arising from the two methoxy groups of20a, and a singlet at o 3.83 also arising from the two methoxy groups of 3a were observed. In addition a triplet signal at o 7.13 can be attributed to the aromatic hydrogens meta to the bromo substituents in 20a. The HRMS of20a is also consistent with the assigned structure ( Figure 3) . Due to the orientation of the phenyl substituents in 24a and 24b, the neighboring aromatic hydrogens on the benzene rings bearing a bromo substituent are shielded magnetically. As a result, the proton NMR signals of these hydrogen atoms are shifted up field to li 6.50 (doublet, 24a) and 1i 6.52 (doublet, 24b ), respectively. In addition, the hydrogens on the five-membered rings ofthe two fluorenyl subunits exhibit 1 H NMR signals at li 6.30 (singlet, 24a) and 1i 6.32 (singlet, 24b), respectively. Furthermore, two singlets at li 3.38 and li 3.36 arising from the two methoxy groups of24a, and a singlet at li 3.24 arising from the two methoxy groups of24b were observed ( Figure 4 ). The HRMS of the mixture is also consistent with the elemental composition of assigned structures. 
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1,3-dibromo-2-[2-(trimethylsilyl)ethynyl]benzene (17)
A mixture of 1,3-dibromo-2-iodobenzene (16) (3.39 g, 9.36 mmol), bis(triphenylphosphine)palladium(II) dichloride (0.329 g, 0.468 mmol), copper(!) iodide (0.178 g, 0.936 mmol), and triphenylphosphine ( 49 mg, 0.187 mmol) was dissolved in 30 mL of triethylamine and flushed with nitrogen. After 15 min of stirring, 2.45 mL of (trimethylsilyl)acetylene (1.84 g, 18.7 mmol) was introduced dropwise. Then the reaction mixture was heated to reflux at 69 °C. After 3 hours of reflux, an additional 2.45 mL of (trimethylsilyl)acetyle'ne (1.84 g, 18.7 mmol) was added dropwise. After an additional 3 hours of reflux at 69 °C, 50 mL of water was added, and the reaction mixture was extracted with 50 mL of diethyl ether. The organic layer was filtered to remove precipitates, and the filtrate was dried with sodium sulfate and concentrated. The residue was purified by flash column chromatography (silica gel/30% ethyl acetate in hexanes) to produce 2.49 g of 17 (7.5 
1-bromo-3-iodio-2-[2-(trimethylsilyl)ethynyl]benzene (18)
A 
1-bromo-2-[2-(trimethylsilyl)ethynyl]-3-(2-phenylethynyl)benzene (19)
A mixture of 1-bromo-3-iodio- 
1-bromo-2-ethynyl-3-(2-phenylethynyl)benzene (13)
To a solution of 0. propargylic diols 20a, 20c, and propargylic mono-ol20b
A solution of 0.67 g of 1-bromo-2-ethynyl-3-(2-phenylethynyl)benzene (13) ...
1-
Cl
"' " 
~~~.~
Kung K. Wang, Ph. D., Chair
